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Abstract: This study aimed to determine the prognostic value of pretreatment FDG-PET in patients with metastatic 
liver disease undergoing Yttrium 90 (90Y) radio-embolization using global disease assessment measures. Data from 
16 patients with metastatic liver disease (8 males, 8 females) aged 55-97 years (mean: 67±12) were retrospec-
tively collected. On PET, active malignant lesions in the liver were segmented with an adaptive thresholding system 
(ROVER software, ABX GmbH, Radeberg, Germany). Conventional measures of PET quantification such as SUVmean, 
SUVmax, and partial volume-corrected SUVmean (pvcSUVmean) and volumetric parameters including metabolic 
tumor volume (MTV), total lesion glycolysis (TLG) and pvcTLG were measured. Receiver operating characteristic 
(ROC) was used to determine the optimal cutoffs for Kaplan-Meier analyses. Kaplan-Meier analysis was performed 
to estimate progression-free survival (PFS) and overall survival (OS). In addition, Cox regression analysis was used 
to determine predictors of PFS and OS. There was no correlation between pretreatment conventional parameters of 
FDG-PET and PFS or OS. In contrast, in the univariate Cox regression analyses, pretreatment volumetric parameters 
were significant predictors for PFS [TLG (HR: 6.1, P=0.02), pvcTLG (HR: 3.9, P=0.03) and MTV (HR: 5.8, P=0.02)]. 
Moreover, TLG (HR: 6.1, P=0.03), pvcTLG (HR: 5.2, P<0.01) and MTV (HR: 10.7, P<0.01) were significant prognostic 
factors for OS. Pretreatment volumetric FDG-PET parameters are prognostic factors for PFS and OS in patients with 
liver metastasis receiving radio-embolization with 90Y. 
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Introduction

Metastasis is the leading etiology of hepatic 
tumors and colorectal, lung, breast, and pan-
creatic cancers are the most frequent sources 
of metastases. In spite of remarkable advanc-
es in diagnosis and management, the progno-
sis of patients with hepatic metastases has 
remained poor. Radio-embolization with Yttrium 
90 (90Y) microspheres is increasingly used for 
unresectable hepatic metastases. 90Y micro-
spheres occlude the blood supply to the tumor 
and provide high dose radiation to the tumor 
vasculature while sparing the adjacent normal 
tissue.

18F-flourodeoxyglucose positron emission to- 
mography (FDG-PET) is a key imaging modality 

in cancer diagnosis, staging, response evalua-
tion, recurrence detection and prognosis [1-5]. 

Although, morphological assessment based on 
Response Evaluation Criteria In Solid Tumors 
(RECIST) is the gold standard for initial evalua-
tion and response to treatment prediction [6], it 
has recently been shown that pretreatment 
metabolic behavior of hepatocellular carcinoma 
(HCC) as determined by FDG-PET/CT is superior 
to CT-based assessment using RECIST guide-
lines for evaluating survival outcome after 90Y 
radio-embolization [7]. However, the prognostic 
role of pre-treatment FDG-PET in metas- 
tatic hepatic tumors has not yet been well 
established.

Conventional methods of PET quantification are 
prone to misinterpretation of the overall dis-
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ease activity [8]. A single region of interest sam-
ples only a portion of the affected area which 
underestimates the true burden of the disease. 
Therefore, the concept of global disease mea-
sures of metabolic activity has been introduced 
for quantitative assessment of FDG-PET in  
various conditions (including malignancy), and 
the preliminary results appear to be promising 
[8-12]. Since the utilization of global disease 
assessment overcomes the shortcomings re- 
lated to conventional approaches, we aimed to 
determine the prognostic value of pretreatment 
FDG-PET in patients with metastatic liver dis-
ease undergoing 90Y radio-embolization using 
such techniques.

Methods

Patient selection

In this retrospective study, we selected 16 
patients (8 males and 8 females) who were 
treated with 90Y radio-embolization for meta-
static liver disease. On average, FDG-PET scans 
were acquired approximately 3 months (range 
0.5-6.4 months) before the date of radio-embo-
lization. Approval for retrospective data collec-
tion along with Health Insurance Portability and 
Accountability (HIPAA) waiver were granted by 
the Institutional Review Board (IRB).

Image acquisition 

FDG-PET scans were performed on integrated 
PET/CT scanners (Gemini TF; Philips Healthcare, 

(ROVER software; ABX GmbH, Radeberg, 
Germany) [13]. Spherical or cylindrical masks 
were placed over the active malignant lesions 
in the liver and the adaptive thresholding algo-
rithm of ROVER delineated the boundaries of 
active lesions (Figure 1). Conventional quanti-
tative PET parameters such as SUVmean and 
SUVmax were automatically computed by 
ROVER in addition to partial volume corrected 
pvcSUVmean calculated by the software’s par-
tial volume correction algorithm. Volumetric 
measures of global disease burden calculated 
by the ROVER software included: MTV, total 
lesion glycolysis (TLG = SUVmean × MTV), and 
partial volume corrected TLG (pvcTLG = pvcSU-
Vmean × MTV). The reproducibility and accura-
cy of this approach has previously been verified 
and validated [9, 13-15].

Statistical analysis

Receiver operating characteristic (ROC) analy-
sis was used to determine the optimal cut-off 
value for both conventional and volumetric 
parameters of tumor metabolic activity for pre-
dicting the outcome in the patients. Kaplan-
Meier analysis was used to estimate progres-
sion-free survival (PFS) and overall survival 
(OS). Survivors were censored at the time of 
last contact. Univariate Cox regression analy- 
sis was performed to identify independent 
prognostic factors for PFS and OS. Statistical 
analysis was performed using SPSS Statistics 
version 24 (IBM corp, NY, USA). Statistical sig-

Figure 1. A 66-year-old woman with colorectal cancer and liver metastases. 
Multiple active lesions in liver can be seen on FDG-PET (A); Semi-automatic 
segmentation of FDG-avid lesions of liver by using an iterative reconstruc-
tion algorithm (B). SUVmean: 10.2, pvcSUVmean: 15.3, SUVmax: 18.5, MTV: 
50.5, TLG: 516.3, pvcTLG: 772.6.

The Netherlands). Blood glu-
cose was measured prior to 
the FDG administration, and 
15 mCi of FDG was adminis-
tered intravenously after at 
least 8 hours of fasting if  
the blood glucose levels we- 
re below 200 (mg/dl). Whole 
body PET images were ac- 
quired 60 minutes following 
FDG administration and a low 
dose CT-scan was performed 
for attenuation correction.

Image analysis 

A qualified physician evaluat-
ed the pretreatment FDG-PET 
scans, blinded to the patients’ 
final outcome. All the scans 
were analyzed using an ad- 
aptive thresholding system 
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nificance was defined as p values less than 
0.05.

Results

The study included 16 patients (mean age: 
67±12, range 55 to 97 years) who underwent 
90Y radio-embolization between August 2012 
and February 2017. The demographic and  
clinical data of patients are provided in Table  
1. At the time of analysis, 8 patients were 
deceased. The patients were followed-up for 
the median of 14 months (range 1.6-43.3 
months). In Kaplan-Meier analysis, higher pre-
treatment volumetric parameters were associ-
ated with inferior PFS (median: 3.3 months  
for TLG≥87.2 vs 19.4 months for TLG<87.2, 
P=0.01; median: 3.3 months for pvcTLG≥299 
vs 10.6 months for pvcTLG<299, P=0.02 and 
median: 2.7 months for MTV≥130.1 vs 9.5 
months for MTV<130.1, P=0.01) (Figure 2). In 
addition, higher pretreatment volumetric mea-
sures of global disease activity were associat-
ed with inferior OS (median: 6.6 months sur- 
vival for TLG≥275.9, P=0.01; median: 3.30 

months for pvcTLG≥670.7, P<0.01 and median: 
3.30 months for MTV≥75.5, P<0.01) (Figure 3). 
Since the groups with lower values than cut-
offs did not cross the line y=0.5 in OS Kaplan-
Meier analysis, the OS medians could not be 
determined. The Kaplan-Meier analyses did not 
show any significant correlation between PFS 
or OS and conventional PET parameters such 
as SUVmean and SUVmax. Even after applying 
partial volume correction to SUVmean (pvcSU-
Vmean), we did not observe a statistically sig-
nificant correlation. 

Univariate Cox regression analysis showed  
that higher TLG, pvcTLG and MTV were signifi-
cant predictor factors of PFS (TLG: HR: 6.1, 
P=0.02; pvcTLG: HR: 3.9, P=0.03 and MTV: HR: 
5.8, P=0.02) (Table 2). In addition, higher pre-
treatment volumetric parameters were signifi-
cant predictor factors for OS (TLG: HR: 6.1, 
P=0.03; pvcTLG: HR: 5.2, P<0.01 and MTV: HR: 
10.7, P<0.01) (Table 3). The conventional para-
maters namely, SUVmax, SUVmean and pvcSU-
Vmean could not predict the PFS or OS in the 
Cox regression analysis. 

Discussion

Numerous attempts have been made to find a 
reliable tool that can inform interventionalists 
about the potential prognosis of patients being 
considered for 90Y radio-embolization of liver 
tumors [16]. At present, there is a dearth of 
objective criteria to assess likelihood of post-
treatment survival prior to locoregional therapy, 
and both patients and clinicians are thus 
unable to reliably assess the real risk-benefit of 
the procedure. Even though FDG-PET has an 
established role in survival prediction for a vari-
ety of malignancies and treatment paradigms, 
limited data is available on the ability of this 
modality in survival prediction of patients 
undergoing 90Y radio-embolization [17]. In this 
study, the feasibility of pretreatment FDG-PET 
to predict the survival of patients with liver 
metastasis after 90Y radio-embolization was 
shown. Our results demonstrated that the volu-
metric FDG-PET parameters including MTV, TLG 
and pvcTLG were predictors of PFS and OS. The 
conventional PET parameters including SUVmax 
and SUVmean failed to anticipate OS or PFS.

Our findings were in line with other studies that 
evaluated the role of FDG-PET in outcome pre-
diction of patients undergoing 90Y radioemboli-

Table 1. Characteristics of the 16 included 
patients
Clinical details (total 16 patients)
Mean age (years, range) 67 (55-97)
Gender (M/F) 8/8
Primary diagnosis
    Colorectal adenocarcinoma 6
    Cholangiocarcinoma 4
    Small cell lung cancer 2
    Neuroendocrine carcinoma 1
    Renal cell carcinoma 1
    Invasive ductal carcinoma 1
    Gastric adenocarcinoma 1
Extrahepatic metastasis
    Present 8
    Absent 8
Post 90YRE treatments
    Chemotherapy 10
    Partial hepatectomy 1
    90YRE 5
TACE 2
Microwave ablation 1
Immunotherapy 1
RE: Radio-embolization, TACE: Trans-arterial chemo-
embolization.
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zation for both primary and metastatic liver 
tumors [7, 18-21]. Jreige et al. investigated the 
capability of pretreatment FDG-PET to predict 
the survival of HCC patients undergoing radio-
embolization [7]. In their study, assessment 
based on FDG-PET was predictive for survival, 
whereas, assessment based on CT could not 
predict the survival outcome. Sabet et al. have 
demonstrated that early response assessment 
using FDG-PET is predictive of outcome in 
patients with liver metastasis and early meta-
bolic responders survived longer than non-
responders [19]. In a retrospective study, 
responses on FDG-PET/CT have been shown to 

partial volume effect, a phenomenon that 
degrades the accuracy of PET quantification 
[33-36] especially when measuring small 
lesions. Both TLG and pvcTLG have previously 
been shown to be independent prognostic fac-
tors in malignancies [12, 26, 32]. In our study, 
the volumetric parameters including MTV, TLG 
and pvcTLG significantly predicted PFS and OS. 
Similar to our results, a study by Fendler et. al 
showed that changes in MTV and TLG as mea-
sured by FDG-PET predicted the survival of 
colorectal cancer patients with hepatic metas-
tases who had undergone 90Y radio-emboliza-
tion, while SUVpeak and SUVmax changes as 

Figure 2. Progression-Free Sur-
vival (PFS) Kaplan-Meier analysis 
for pretreatment volumetric pa-
rameters of FDG-PET.

Figure 3. Overall Survival (OS) 
Kaplan-Meier analysis for pre-
treatment volumetric param-
eters of FDG-PET.

significantly predict PFS, wh- 
ereas tumor density and RE- 
CIST did not [20]. 

The concept of global meta-
bolic activity was first intro-
duced for the assessment of 
brain function in Alzheimer’s 
disease [22]. This approach 
allows assessment of global 
disease burden and is particu-
larly useful in clinical oncology 
[23] where it has been effec-
tively employed in lymphoma 
[8], mesothelioma [24] and 
lung cancer [25]. Over the 
past decade, the role of global 
volumetric PET parameters 
has been investigated in a 
variety of disorders, especially 
those related to malignancy 
[12, 13, 21, 26-32]. Results of 
these studies imply the supe-
riority of volumetric parame-
ters over conventional meth-
ods of PET quantification. 
MTV, which is the total volume 
of all active lesions observed 
on PET, has been shown to be 
prognostic in multiple myelo-
ma [27] and non-small cell 
lung cancer [29, 32]. TLG is a 
unique index which is indica-
tive of the global metabolic 
burden of disease, since it 
integrates the volumetric da- 
ta with metabolic behavior of 
tumor. The parameter pvcTLG 
has an added value compared 
to TLG as it is corrected for 
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well as the RECIST 1.1 criteria failed to predict 
survival [21]. The results of Fendler’s study sup-
port our findings, indicating the superiority of 
volumetric FDG-PET parameters derived from 
the global disease burden assessment. In con-
trast, conventional methods of PET quantifica-
tion are not predictive of survival in patients 
with liver metastases.

Our study has several limitations. First, the 
present study is not designed to distinguish 
effects of the locoregional therapy on progno-
sis or survival. However, by reliably providing 
quantitative assessment of overall tumor bur-
den and its relation to post-treatment survival 
in the setting of locoregional therapy, it can 
allow clinicians to better define patients with 
regards to those more likely or less likely to 
benefit from radio-embolization. Patients with 
a high-risk score may choose to forgo the inva-
sive procedure given the uncertain benefit in 
the setting of their tumor burden. Additionally, 
we only assessed pretreatment scans since no 
follow-up scans were available to evaluate post 
treatment prognostic value. In addition, our 
study was limited by the heterogeneity of pri-
mary tumor diagnosis. A study population with 
a large sample size for each primary tumor sub-
group is necessary to elucidate the role of pre-
treatment FDG-PET in different subgroups. 
Finally, only 16 subjects were evaluated, and 
further prospective studies with larger sample 
of patients are needed to validate our findings.

Conclusion

In conclusion, this study seeks to provide objec-
tive criteria to assess likelihood of post-treat-

ment survival prior to locoregional therapy, to 
allow both patients and clinicians to better 
assess the real risk-benefit of the procedure. To 
our knowledge, this is the first study that 
showed the role of pretreatment FDG-PET using 
global disease assessment in predicting sur-
vival in patients with metastatic liver disease 
undergoing treatment with 90Y radio-emboliza-
tion. Volumetric FDG-PET parameters including 
MTV, TLG and pvcTLG were predictive of 
patients’ outcome. Higher MTV, TLG and pvc- 
TLG were associated with inferior PFS and  
OS. By comparison, the current conventional 
PET quantification measures (SUVmean and 
SUVmax) failed to predict PFS or OS.
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